INTRODUCTION {#sec1-1}
============

Breast cancer is a heterogeneous disease, and this term encompasses a variety of entities with distinct morphological features and clinical behavior. In recent years, it has become apparent that this diversity is the result of distinct genetic, epigenetic, and transcriptomic alterations.\[[@ref1]\] The current clinical management of breast cancer still relies on traditional prognostic and predictive factors like histology, clinical parameters and well-defined biologic factors like estrogen receptor (ER), progesterone receptor (PR), as well as human epidermal growth factor receptor 2 (HER2), all of which present an association with prognosis and treatment outcome. It is known that two morphologically similar tumors presenting in any assigned stage may behave in different fashions, a fact that seriously impedes the potential to accurately predict the clinical outcome in a given case.

Akt (also named protein kinase B \[PKB\]) is a serine/threonine-specific protein kinase that plays a key role in multiple cellular processes such as glucose metabolism, apoptosis, cell proliferation, transcription, and cell migration.\[[@ref2]\] It has recently garnered significant interest due to its putative role as an inhibitor of apoptosis. Akt family comprises three highly homologous members known as Akt1, Akt2, and Akt3 in mammalian cells. The activation mechanism remains to be fully characterized but occurs downstream of phosphoinositide 3-kinase (PI-3K). PI-3K generates a lipid second messenger essential for the translocation of PKB/Akt to the plasma membrane where it is phosphorylated and activated. Constitutive PKB/Akt signaling protects cells from apoptosis and mediates growth factor-induced cell proliferation.\[[@ref3]\] The Akt signaling pathway plays a critical role in controlling the balance between cell survival and apoptosis, and the disruption of normal Akt signaling frequently occurs in several human cancers.\[[@ref4]\] Akt phosphorylation is a major molecular event occurring after activation of growth-factor receptors and has been proposed as a surrogate marker for HER2.\[[@ref5]\]

This study was performed to evaluate the immunocytochemical (ICC) expression of the pAkt protein on direct imprint smears in correlation to the conventional clinicopathological parameters (age, tumor size, grade, axillary node involvement), as well as HER2/neu and hormonal receptors expression (ER and PR).

METHODS {#sec1-2}
=======

The study group was a sequential hundred specimens (*n* = 100) of primary breast carcinomas obtained by wide local excision (lumpectomy) or mastectomy. The study population consisted of 100 female patients with a mean age of 54 years (range: 31--85). All patients were treated and followed at the same institution (Mitera General Hospital and Maternity Clinic in Athens) between 2008 and 2012. The study has been approved by Ethical Review Board. The patients of study group gave informed consent orally, after clearly explaining to these persons how the biological material will be extracted and used. A total of 82 patients (82%) showed pathologic involvement of axillary lymph nodes. The 63 patients had 1--3 positive nodes (pN1), 19 had 4--9 positive nodes (pN2) while in 18 patients the sentinel lymph nodes were negative (pN0). Tumor samples were collected and freshly fixed in buffered formalin according to a standardized protocol. Imprint smears were prepared from cut surfaces of freshly removed tumors before fixation in buffered formalin. Each tumor was imprinted on three glass slides and fixed in 96% ethanol. One imprint smear was stained with Papanicolaou stain for morphologic evaluation of the adequacy, and the other two were used for ICC analysis. The demographic information, clinical presentation, pathologic stage, and follow-up were extracted from the medical charts. Tumor grading and staging were determined according to the principles outlined by World Health Organization (WHO 2004) and TNM classification of International Union Against Cancer. Nuclear grading was based on nuclear polymorphism and mitotic activity.

Immunohistochemistry {#sec2-1}
--------------------

All slides were analyzed by two independent pathologists. The interobserver variability was low. In cases of disagreement, a final score was determined by consensus after re-examination. Assessment of all staining results was blinded to knowledge of the clinical outcome of patients. Immunohistochemical (IHC) and ICC reactions were performed using a Bond-X automated staining system (Vision biosystems bond, Newcastle, UK). This specific assay is based on a soluble, dextran-polymer system which yields a high signal to noise ratio and minimizes any background that may be caused by endogenous biotin. Polymer-based detection technology is an advancement in IHC visualization chemistry. pAkt immunoreactivity, specifically phosphorylation of serine 473, was evaluated using the rabbit polyclonal antibody (Cell Signaling Technology, New England Biolabs, Beverly, MA, USA). HER2/neu IHC expression was detected using a monoclonal anti-HER2/neu antibody (CB11; Novocastra, Newcastle, UK) at a dilution of 1:800. Two slides were also stained with anti-ER (clone 6F11; Novocastra, Burlingame, CA) and anti-PR (clone 1A6; Ventana Medical Instruments, tuscon, AR, USA) antibodies according to the manufacturers' recommendations. For each case, the proportion of positive cells was determined on at least 400 cells in adjacent selected areas.

Staining was considered positive for pAkt when \>10% of the tumor cells presented nuclear or cytoplasmic staining. ER and PR were recorded as positive if 10% or more of the nuclei in the invasive component of the tumor were stained.\[[@ref6]\] HER2 immunostaining was scored according to described methods. The HER2 expression level was classified into four groups according to published guidelines.\[[@ref7]\] These scores are defined by a lack of staining or membranous staining in \<10% of the cells (score 0), faint or barely perceptible membranous staining in \>10% of the cells (score 1), complete membranous staining in \>10% of the cells of weak to moderate intensity (score 2) and complete membranous staining in \>10% of the cells of strong intensity (score 3). In this scoring system, scores of 2 or higher are considered to indicate HER2 overexpression. In statistical analysis, HER2 expression was taken as a dichotomous variable: Negative (score 0, 1+) versus positive (2+, 3+).

Statistical analysis {#sec2-2}
--------------------

All statistical analyses were conducted using the SPSS 12.0 statistical software program (SPSS, Chicago, IL, USA). Correlation between markers and clinicopathological parameters was determined using Chi-square analysis. The results were considered to be statistically significant at *P* \< 0.05.

RESULTS {#sec1-3}
=======

Associations between pAkt expression and clinicopathologic factors are shown in [Table 1](#T1){ref-type="table"}. A summary of the results of the Chi-square analysis of the studied variables is also displayed in the same table. According to the chosen cut-off point at 10%, we found a nuclear and cytoplasmic positive score 72% (72/100) and 42% (42/100), respectively. Expression patterns of pAkt staining are depicted in [Figure 1](#F1){ref-type="fig"}. There was an obvious predominant nuclear staining pattern in 72 cases and a diffuse faint cytoplasmic staining in 42 samples. Coexistence of nuclear and cytoplasmic staining was observed in 32 cases. We did not achieve to demonstrate any relation between cytoplasmic pAkt rate and clinicopathological parameters \[[Table 1](#T1){ref-type="table"}\]. On the contrary, nuclear positive staining correlated strongly with HER2 overexpression (*P* = 0.043) and was significantly associated with positive involvement of lymph nodes (*P* = 0.013) as determined by the Chi-square test. The pAkt scores did not correlate with age (*P* = 0.153), tumor size (*P* = 0.928), and grade (*P* = 0.219). There was no significant correlation with other IHC variables such as hormone receptors. High levels of nuclear pAkt were not associated with high levels of ER and PR expression (*P* = 0.533, *P* = 0.404, respectively) \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation between clinicopathological parameters and pAkt nuclear and cytoplasmic staining pattern

![](CJ-12-6-g001)

![(a) Positive staining of pAkt in a high-grade breast tumor. About 40% of tumor cells demonstrate an obvious positive nuclear staining. In this case, cytoplasmic staining was noted as negative (×400). (b) Negative expression of pAkt in a breast tumor. Positive staining is limited to sporadic cells. Note coexistence of nuclear and cytoplasmic expression (×400)](CJ-12-6-g002){#F1}
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Correlation between immunohistochemical variables and pAkt nuclear and cytoplasmic staining pattern
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DISCUSSION {#sec1-4}
==========

Akt is a serine/threonine kinase which is fully activated when phosphorylated (pAkt). After stimulation with growth factors and cytokines, PI-3K is activated and recruits Akt to the plasma membrane where it is phosphorylated. Phosphorylation of both threonine and serine residues fully activates Akt, which provides a survival signal that protects cells from apoptosis and mediates growth factor-induced cell proliferation.\[[@ref3][@ref8]\] In the present study, we observed both cytoplasmic and nuclear expressions of pAkt, which links this study to earlier *in vitro* studies suggesting that a fraction of activated Akt is translocated to the nucleus.\[[@ref9][@ref10]\]

Although the activation of the Akt pathway appears to be a potentially major event in the survival of breast cancer cells, few studies have investigated its prognostic and predictive value in tissue from breast cancer patients. As far as we know, this is the first report that investigated the status of pAkt expression on cytological imprint smears of breast cancer. Previous IHC studies using the pAkt antibody focused mostly on the cytoplasmic staining\[[@ref11][@ref12][@ref13]\] while nuclear phosphorylation of Akt may have more value in determining its effects.\[[@ref14][@ref15]\] In our study, both nuclear and cytoplasmic expression were noted for pAkt. Few retrospective studies investigated the correlation between pAkt staining and clinical characteristics, outcome, or both in breast cancer. Particularly, recent studies have been focused on the association of pAkt activation and HER2/neu overexpression.\[[@ref11][@ref16][@ref17]\]

Human epidermal growth-factor receptor 2/neu is a transmembrane glycoprotein involved in cell growth control. It represents a significant target for immunologically based antitumor therapy due to its limited expression in nonmalignant tissues and its contribution to the malignant phenotype of a transformed cell. HER2 encodes an 185kD orphan receptor tyrosine kinase that is constitutively active as a dimer and displays potent oncogenic activity when overexpressed.\[[@ref18]\] There is mounting evidence of the role of HER2 overexpression in patients with breast carcinoma. It has been amply demonstrated that HER2 overexpression is associated with intensive proliferation and aggressive development of breast cancer.\[[@ref19]\] HER2 is overexpressed in 25--30% of all breast cancers.\[[@ref20]\] Only membranous staining was considered as positive being consistent with c-erbB-2 protein\'s role as a transmembrane molecule. Tokunaga *et al*. reported a close correlation between HER2 and pAkt expression in a population of 252 primary breast carcinomas. This finding was confirmed by Kirkegaard *et al*.\[[@ref21]\] who reported a higher frequency of pAkt expression in HER2-positive tumors than in HER2-negative tumors in 402 patients with ER-positive tumors. Park and Kim\[[@ref14]\] reported that pAkt activation was significantly elevated in primary ductal carcinoma with HER2 overexpression. Our study\'s findings are concordant with these. These data confirm that the Akt pathway is activated in a significant proportion of HER2-positive breast cancers, indicating that this latter transmembrane receptor is activated in a subset of cases. Furthermore, we demonstrated in our study that pAkt expression was significantly elevated in ductal carcinomas with positive axillary lymph node involvement indicating that pAkt overexpression appears to be linked with potentially aggressive tumor phenotype in invasive breast carcinoma.

Estrogen receptor and progesterone receptor (PR) assays are crucial for the management of patients with breast cancer, in both adjuvant and palliative settings. It is generally established that human breast cancer, which is rich in ERs, responds well to endocrine therapy and that patients with ER-positive breast cancer have a more favorable clinical course and prognosis than those with ER-negative cancer.\[[@ref22][@ref23]\] Our study showed no correlation between pAkt nuclear or cytoplasmic staining with hormone receptors. These results confirm previous reports.\[[@ref13][@ref21]\]

We propose that pAkt is a potential molecular marker for prediction of breast cancer\'s behavior. We also propose the possible use of ICC analysis on imprint smears or in fine-needle aspiration material to evaluate pAkt as prognostic factor in breast carcinoma. Our findings have to receive further validation in larger prospective series.
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